Background and objectives Most studies of chronic kidney disease (CKD) and outcomes focus on mortality and ESRD, with limited data on other adverse outcomes. This study examined the associations among proteinuria, eGFR, and adverse cardiovascular (CV) events.
Introduction
The increasing prevalence of chronic kidney disease (CKD) and its associated cardiovascular (CV) morbidity and mortality are putting a considerable burden on healthcare systems around the world (1) (2) (3) (4) . Even a mild reduction in estimated glomerular filtration rate (eGFR) is associated with adverse clinical outcomes (5, 6) , as is increased urinary protein excretion. Among subjects with normal kidney function, proteinuria is associated in a continuous fashion with an increased risk of these outcomes, which is further amplified in the setting of reduced eGFR (7) (8) (9) (10) .
Multiple studies have demonstrated an association between eGFR or increased urine protein excretion and adverse CKD outcomes in subjects at a high CV risk (11) (12) (13) (14) (15) (16) and in the general population (4 -9,17-21) . However, these studies typically used a single measure of CKD (proteinuria or eGFR) and many focused on mortality or renal outcomes. Of studies that do consider CV outcomes, many have used a composite CV disease outcome rather than considering the components individually (18). We recently described the relationship between lower eGFR and proteinuria in hospitalization for acute myocardial infarction and all-cause mortality (4) . Data describing how proteinuria and eGFR can be used together to predict other adverse outcomes such as hospitalization for heart failure, peripheral vascular disease (PVD), cerebrovascular events, cerebrovascular events, and coronary revascularization are limited. This information would be potentially useful to inform ongoing discussions about how best to stratify the risk of adverse outcomes among people with CKD (22) .
We used a large population-based cohort of patients receiving care in a universal healthcare system to investigate the incremental prognostic value of proteinuria for these CV outcomes as compared with eGFR alone.
Study Population and Methods

Design, Setting, Population, and Data Sources
We did a population-based cohort study of all adults Ն18 years of age who had at least one outpatient serum creatinine measurement performed as a result of usual clinical care in the province of Alberta, Canada, during the study period (May 1, 2002 to December 31, 2006 for seven of the nine geographically based provincial health regions, and between July 1, 2003 and January 1, 2005 and December 31, 2006 , respectively, for the other two regions) (23) . Patients were excluded if they were treated with dialysis or a kidney transplant at baseline (23) . To be eligible for inclusion, patients also had to have had at least one outpatient measure of proteinuria, as described below.
Assessment of Kidney Function, Proteinuria, and Albuminuria
The eGFR for each patient was estimated using the fourvariable Modifications of Diet in Renal Disease (MDRD) study equation (24) . Although data on race were not available, misclassification of eGFR was expected to be minimal because Ͻ1% of the Alberta population is black (24) . Baseline kidney function (index eGFR) was estimated using all outpatient serum creatinine measurements taken within a 6-month period of the first creatinine measurement, with the index eGFR defined as the mean of the measurements in this 6-month period. For patients with more than one measurement of serum creatinine, the date of the last measurement in the 6-month period was used as the index date. Index eGFR was categorized as Ն60, 45 to 59.9, 30 to 44.9 and 15 to 29.9 ml/min per 1.73 m 2 . Because of inaccuracies in assessment of kidney function using the MDRD study equation at higher levels of kidney function, and to permit comparisons with similar studies, we categorized patients with higher levels of function into one category (eGFR Ն 60 ml/min per 1.73 m 2 ). Assessment of proteinuria was by use of urine dipstick and albumin-creatinine ratio (ACR) on the basis of outpatient random spot urine measurements. Dipstick proteinuria was assessed using a standard urinalysis procedure (Chemstrip 10 UA, Roche Diagnostics US or similar). In the primary analysis we included all patients with at least one urine dipstick measurement and defined proteinuria as normal (urine dipstick negative), mild (urine dipstick trace or 1ϩ), or heavy (urine dipstick Ն2ϩ) (25) . In sensitivity analyses, we considered an alternate definition of proteinuria that was based on ACR and defined as normal (ACR Ͻ 30 mg/g), mild (ACR 30 to 300 mg/g), or heavy (ACR Ͼ 300 mg/g) (25) . For dipstick proteinuria and ACR, we performed additional analyses that subdivided the heavy proteinuria category into heavy (dipstick 2ϩ; ACR 300 to 2000 mg/g) and nephrotic (dipstick Ն 3ϩ; ACR Ͼ 2000 mg/g) categories.
All outpatient urine dipstick and ACR measurements in the 6-month periods before and after the index eGFR were used to establish baseline proteinuria and albuminuria. Analyses used proteinuria as an ordinal variable according to these three categories, with the median of all respective measurements selected for each patient with multiple measurements, whereas the median of ACR measurements in continuous variables were categorized into ordinal variables for analysis.
Sociodemographic and Clinical Variables
Demographic data were determined from the administrative data files of the provincial health ministry (Alberta Health and Wellness). Aboriginal race/ethnicity was determined from First Nations status in the registry file. It was not possible to identify other race/ethnic groups, although Ͼ85% of the Alberta population is Caucasian (26) . Socioeconomic status was categorized as high income (annual adjusted taxable family income Ն$39,250 Canadian dollars [CAD]), low income (annual adjusted taxable family income Ͻ$39,250 CAD), and low income with subsidy (receiving social assistance) on the basis of government records (27, 28) . Diabetes mellitus and hypertension were identified from hospital discharge records and physician claims on the basis of validated algorithms (29, 30) . Other comorbid conditions were identified using validated International Classification of Disease (ICD), Ninth Revision, Clinical Modification and ICD, Tenth Revision coding algorithms applied to physician claims and hospitalization data (31) . The presence of one or more diagnostic codes in any position up to 3 years before cohort entry was used for identification of comorbidities.
Evaluation of Study Outcomes
We considered time to first hospitalization for one of four indications, with each patient only allowed to contribute to one event (the first outcome for each patient): (1) congestive heart failure (CHF), (2) coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI), (3) PVD, and (4) stroke/transient ischemic attacks (cerebrovascular accident [CVA]/TIA) defined using algorithms from medical claims data and ICD Tenth Revision codes (Supplemental Material). Participants were followed from their index date until study end (March 31, 2007) .
Statistical Analyses
Poisson regression was used to evaluate the associations among proteinuria, eGFR, and each of the outcomes of interest, with output expressed as the rate per 1000 personyears. If the Poisson assumption that variance equals the mean was not met, a negative binomial model was used. For each outcome of interest, the first hospitalization episode was used in the analysis.
We calculated crude (unadjusted) and fully adjusted rates of first hospitalization for each of the outcomes (PVD, CABG/PCI, CHF, and CVA/TIA) by level of GFR and proteinuria. We separately considered urine dipstick and ACR to classify proteinuria. We did statistical adjustment for the sociodemographic variables and comorbidities listed in Table 1 and the two-way interactions of proteinuria and eGFR.
The primary analysis was based on the cohort of participants who had data for proteinuria available from dipstick urinalysis. In sensitivity analyses, we repeated statistical models for the subset of participants who had data for proteinuria on the basis of urinary ACRs. In all analyses, we performed tests for linear trend across categories of proteinuria and eGFR. The variables used to calculate the tests for trend in eGFR and ACR were defined by the median values of these parameters in each category. The variable used to calculate the test for Data expressed as percentage. Totals do not always add to 100% because of rounding. Socioeconomic status was categorized as high (annual adjusted taxable family income Ն$39,250 CAD), low (annual adjusted taxable family income Ͻ$39,250 CAD), and low with subsidy (receiving social assistance) on the basis of Alberta government records. COPD, chronic obstructive pulmonary disease; Diabetes-C, diabetes with end-organ damage; Diabetes-NC, diabetes without end-organ damage; eGFR, estimated GFR; PVD, peripheral vascular disease; CHF, congestive heart failure; ACR, albumin-creatinine ratio a Among patients with proteinuria measured by dipstick. 
Results
General Characteristics
A total of 1,530,447 patients had at least one outpatient serum creatinine measurement during the study period. We excluded all patients (n ϭ 3728) with ESRD (on renal replacement therapy or eGFR Ͻ 15 ml/min per 1.73 m 2 ) and 282 patients who died or reached end of follow-up on their index date. Of the remaining 1,526,437 patients, 920,985 (60.3%) had at least one urine dipstick measurement and 102,701 (6.7%) had at least one ACR measurement. Characteristics of the patients by level of eGFR and proteinuria are shown in Table 1. A total of 102,701 patients had at least one urinary ACR measurement performed. Patients in this subset were older (57.0 Ϯ 15.0 years versus 48.0 Ϯ 16.6 years) and more likely to be male (54.5% versus 43.4%) or diabetic (54.1% versus 3.4%) than those without such measurements (all P Ͻ 0.001; 2 test and t test for categorical and continuous variables, respectively). A higher proportion of patients in this subset had mild (19.7% versus 7.3%) or heavy proteinuria (5.1% versus 1.1%) than in those without measurements of urinary ACR (both P Ͻ 0.001; 2 test).
Follow-Up and Outcomes
During a median follow-up of 35 months (interquartile range: 22 to 44 months), 1891 of patients (0.2%) were hospitalized at least once for PVD, 7309 (0.8%) for CABG/PCI, 4265 (0.5%) for CHF, and 4692 (0.5%) for a cerebrovascular event (CVA/TIA).
Likelihood of Clinical Outcomes by Level of eGFR and Proteinuria
Within each stratum of eGFR, there was substantial variability in risk, with patients who had heavier proteinuria by dipstick having markedly increased adjusted rates of all of the adverse outcomes. Of note, the adjusted rate of hospitalization for CHF, PVD, and CVA/TIA increased with lower eGFR and heavier proteinuria. In contrast, the rate of revascularization procedures (CABG/PCI) increased with heavier proteinuria, but it tended to decline with lower eGFR (Table 2) .
Sensitivity Analyses
Results were consistent when analyses were restricted to the subset of 102,701 patients who had urinary ACR measurements performed (Table 3) . Specifically, rate increased progressively at levels of eGFR below 60 ml/min per 1.73 m 2 and with mild or heavy proteinuria within all eGFR strata for all study outcomes except for revascularization procedures (CABG/PCI) in the fully adjusted analysis (Table 3). Results were similar when stratified on diabetes or on hypertension (separately).
Results were also consistent when the heavy proteinuria category was subdivided to separately present results for dipstick cohort patients with the heaviest proteinuria (dipstick Ն 3ϩ). Compared with those without significant proteinuria, patients with heaviest proteinuria (dipstick Ն 3ϩ) had markedly elevated rates of all four CV outcomes. In fact, rates of CABG/PCI, CHF, and CVA/TIA were all substantially higher among those with eGFR Ն 60 and the heaviest proteinuria (dipstick Ն 3ϩ) than in those with eGFR 45 to 59.9 ml/min per 1.73 m 2 but no proteinuria (adjusted relative rates for dipstick cohort 1. We performed three other sensitivity analyses, all of which confirmed that the rate of adverse outcomes increased at higher levels of proteinuria. First, we repeated analyses among the subgroup of participants who had only a single measurement of proteinuria. Second, analyses were repeated after excluding subjects with a prior history of the outcome of interest. Third, analyses were repeated after excluding subjects who were hospitalized for any reason within 3 months preceding the index date (all P for trend Ͻ0.001).
Discussion
Our study examined the joint association among eGFR, proteinuria, and a range of clinically relevant CV events. We showed that proteinuria was independently associated with several different CV events at all levels of eGFR, and that considering information on proteinuria provided additional prognostic information for people with higher and lower levels of eGFR. These results were consistent for all four clinical outcomes studied, including hospitalization for PVD, coronary revascularization, heart failure, or cerebrovascular events. Thus, the presence or absence of proteinuria in all stages of CKD is potentially useful for refining estimates of risk that are based on eGFR alone. The rate of hospitalization for CHF, PVD, and CVA/TIA increased with lower eGFR and heavier proteinuria. In contrast, although the rate of revascularization procedures (CABG/ PCI) increased with heavier proteinuria, it was lower among those with lower eGFR, perhaps because of concern about compromising renal function as a consequence of coronary revascularization.
Many prior studies have found an association between adverse clinical outcomes and kidney dysfunction (4 -9,17-20) , and several have shown an association between increased urinary protein excretion and the risk of death or CV events (9,17,32,33 ). Despite this, data on how proteinuria and eGFR can be used together to predict the risk of Adjusted for age; gender; diabetes; hypertension; socioeconomic status; and history of cancer, cerebrovascular disease, CHF, chronic pulmonary disease, dementia, diabetes with endorgan damage, diabetes without chronic complication, AIDS/HIV, metastatic solid tumor, myocardial infarction, mild liver disease, moderate or severe liver disease, paralysis, peptic ulcer disease, PVD, renal disease, or rheumatic disease. In this analysis, dipstick urinalysis was used to classify participants with respect to proteinuria as normal (urine dipstick negative), mild (urine dipstick trace or 1ϩ), or heavy (urine dipstick Ն2ϩ).
Adjusted rate is given per 1000 patient-years. n ϭ 920,985. The tests for linear trend across proteinuria categories were all significant at the P Ͻ 0.001 level. Tests for trend across eGFR categories were PVD, P ϭ 0.01; PCI or CABG, P ϭ 0.81; CHF, P Ͻ 0.001; and CVA/TIA, P Ͻ 0.001. CI, confidence interval; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; TIA, transient ischemic attack. (34)-did not find eGFR alone to be independently associated with coronary events and stroke (perhaps because of insufficient statistical power and relatively younger population than our own cohort), although eGFR was associated with the primary composite endpoint of CV events and mortality (34) .
Similarly, a recent meta-analysis of 14 studies comprising 105,872 subjects found that low eGFR and increasing levels of albuminuria were independently associated with all-cause and CV mortality, but it did not report on the risk of individual CV outcomes (5) . The large sample size of the study presented here allowed us to extend these findings to other clinically relevant outcomes, including CVA/TIA, coronary revascularization, heart failure, and PVD.
It is not fully clear how concomitant proteinuria and low eGFR mediate increased CV risk, but several possibilities exist. First, proteinuria and low kidney function often coexist with other CV risk factors (2,3). Although we adjusted for several potential CV risk factors, we cannot exclude the possibility of residual confounding. Second, rather than being causally linked to CV disease themselves, proteinuria and low eGFR may be markers of endothelial dysfunction, inflammation, severity of vascular disease, and subclinical atherosclerosis (19,34 -36) . Finally, CKD patients with proteinuria and low eGFR may have worse CV outcomes than those with either parameter alone.
Our study has several strengths, including its large size, community-based design, rigorous statistical methods, and information on four clinically relevant CV outcomes. In addition, we had access to data on two widely used measurements of urinary protein excretion (dipstick proteinuria and ACR), which increases the generalizability of our findings. Our study also has limitations that should be considered when interpreting results. First, this was an observational study of a predominantly Caucasian population. Whether our results apply to other countries or settings will require additional study. Moreover, we cannot exclude the possibility of false-positive/negative outcomes given the known imprecision associated with single urine specimens (37). However, results were similar when ACR was used, and ACR has been shown to reliably reflect albuminuria in population-based studies (37,38). Furthermore, we included multiple measures of urine protein over a 6-month period before and after the index date to increase precision, and although we have excluded proteinuria measurements associated with hospitalizations, we cannot eliminate the possibility of the confounding among several measurements, comorbidities, and worst outcomes in this study. However, when analyses were restricted to the subset with a single baseline measurement the results were similar. Specifically, the risk of all four adverse outcomes remained significantly higher in those with greater baseline proteinuria.
Although we did not calibrate the GFR assay against the reference laboratory assay used to develop the MDRD equation, this is unlikely to have affected our conclusion that the presence and severity of proteinuria substantially modify the risk associated with a given level of eGFR. Additionally, we restricted our analysis for GFR to the MDRD equation because it is more established and the most widely used equation, although use of other equations is now increasingly being advocated. Other potential limitations include the reported inaccuracies of using diagnostic codes to define diseases and outcomes and our use of a large window period for ascertainment of baseline comorbidities. Moreover, we were limited by the absence of information on the use of medications to treat diabetes or hypertension because only those aged Ͼ65 years have publicly funded drug coverage in Alberta. We were therefore unable to adjust for the use of these medications in the analysis.
Furthermore, the optimal method on how best to assess and quantify improvement in risk prediction for CV disease is still controversial. It has been advocated that the use of the receiver-operating characteristic curve should be the main criterion, but others have argued in favor of other measures such as the use of Net Reclassification Improvement and Integrated Discrimination Improvement (39, 40) . Although we did not perform such analyses in this study, this may be a fruitful potential avenue for future research.
In conclusion, we found that the presence and severity of proteinuria is strongly associated with higher risk of major CV outcomes at higher and lower levels of eGFR. Taken together, our data suggest that proteinuria and eGFR should be used for risk stratification of people with CKD.
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